Study Design. Small area analysis. Objectives. To determine the association between the rates of advanced spinal imaging and spine surgery across geographic areas.
The rates of spine surgery in the United States have increased dramatically over the past 20 years. 8, 21 The rates of spine surgery also vary markedly across geographic areas. 20, 21 In 1996 -1997, the rates of lumbar discectomy in the Medicare population varied 15-fold across hospital referral regions (HRRs) in the United States, laminectomy rates varied 7-fold, and spinal fusion rates varied 10-fold. 21 Prior studies found that only about 10% of this variation could be explained by differences in population characteristics, such as occupation and socioeconomic conditions, and health care supply variables, such as the density of neurologic and orthopedic surgeons and hospital bed supply. 20 The marked increase in spine surgery rates over time may be related in part to the availability of advanced diagnostic imaging techniques. 9, 18 Magnetic resonance imaging (MRI) can provide exquisite anatomic detail of spinal structures and can be extremely valuable in making a definitive diagnosis of many spinal disorders. 13 However, the association between anatomic irregularities in the lumbar spine found by MRI, clinical diagnoses, and outcomes are controversial. 9, 11 With improving resolution of MRI, increasingly smaller irregularities can be detected, and incidental or unrelated findings may trigger further diagnostic studies or treatments. 9, 19 In this study, we examine the variation in the rates of advanced diagnostic imaging of the spine among U.S. Medicare beneficiaries in 1996 and 1997. We explore the association between rates of diagnostic imaging and spine surgery across geographic areas and evaluate the proportion of the variability in spine surgery rates that can be explained by differences in diagnostic imaging rates.
Methods
As part of the work on the Dartmouth Atlas of Musculoskeletal Health Care, 21 we used data from Medicare's National Claims History System to study beneficiaries who received diagnostic imaging and surgery of the spine. We excluded those few beneficiaries who were younger than 65 years and the small number enrolled in risk-contract managed care plans. We used data from calendar years 1996 and 1997.
Procedures were identified using Current Procedure Terminology (CPT) codes from a file of all physician claims for a 5% sample of Medicare Part B beneficiaries. CT scan of the cervical, thoracic, or lumbar spine (CPT codes 72125-72133) and MRI of the cervical, thoracic, or lumbar spine (CPT codes 72141-72158) were identified and combined to form a variable for advanced diagnostic imaging of the spine. Spine surgery procedures were identified by CPT codes, indicating any operative procedures of the spine as shown in Table 1 . A complete list of CPT codes included in our definition of spine surgery has been published elsewhere. 21 Hospital referral regions represent health care markets for tertiary medical care. Zip code regions were assigned to local hospitals based on where the plurality of residents was hospitalized. These regions were further aggregated into HRRs based on where most of the residents received major cardiovascular and neurosurgical procedures. A complete description of the methods for defining HRRs has been published elsewhere. 21 Denominator data for Medicare enrollees was obtained from the Medicare Denominator file. The 1996 and 1997 Medicare enrollee population included those alive and age 65-99 years on June 30, 1996 and June 30, 1997, respectively, and were summed to give person-years. Rates were calculated by dividing procedure rates in each of 306 HRRs by the appropriate denominator population for that geographic area. 21 All rates were adjusted for age, sex, and race, using the indirect method with the 1996 -1997 national Medicare population as the standard.
21
Data Analysis. We used simple linear regression to assess the association between the rates of CT and MRI in different geographic regions and between advanced diagnostic imaging (CT plus MRI) and spine surgery. In the latter analysis, the dependent variable was spine surgery, the independent variable was the rate of advanced diagnostic imaging, and the unit of analysis was the HRR. The primary outcome measure was the coefficient of determination (R 2 ) derived from this regression. Calculations were done using Stata Software (Stata Statistical Software, release 6.0, 1999; published by Stata Corp., College Station, TX).
A certain amount of correlation between rates of advanced imaging of the spine and spine surgery would be expected to arise from the use of advanced imaging in planning the details of the surgical procedure. Because essentially every patient undergoing spine surgery will have an MRI or CT scan performed before surgery, there will necessarily be more imaging studies performed in areas with higher rates of spine surgery as part of this surgical planning. To assess the magnitude of this "autocorrelation," we created a simulation to account for this factor. 16 We calculated the correlation between rates of advanced spinal imaging and spine surgery that would result if all patients receiving spine surgery received an imaging study and the rest of the images were randomly distributed across the HRRs. We calculated a hypothetical imaging rate for each HRR that was equal to the rate of spine surgery in that HRR plus a randomly assigned MRI rate chosen from a distribution with the same mean and standard deviation as the observed data. We correlated the simulated imaging rate with the spine surgery rate for each HRR to find the degree of "autocorrelation." The simulation was repeated 200 times, and the distribution of correlation coefficients from the simulation was compared with the actual observed correlation. The probability that the observed correlation occurred from the simulated distribution merely by chance was calculated with a Z-statistic, assuming a normal distribution of the simulated correlation coefficients, and more conservatively, with no distribution assumptions, using the Tchebycheff inequality. 6 
Results
The rates of spinal CT varied 7.5-fold; 3.2 per 1000 Medicare enrollees to 23.7 per 1000 enrollees. The rates of spinal MRI varied 7.1-fold; 8.2 per 1000 enrollees to 58.6 per 1000 enrollees. Figure 1 shows the very small but statistically significant positive correlation between the rates of CT and MRI across HRRs (R 2 ϭ 0.13; P ϭ 0.03). Although the association is weak, it does not show the negative correlation that would be expected from a substitution effect if CT and MRI were substituted for each other based on local availability.
The rates of spine surgery varied 6-fold: 1.45 per 1000 Medicare enrollees to 8.56 per 1000 Medicare enrollees. The ratio of the rates of advanced spinal imaging to spine surgery averaged 8.6 persons imaged per surgery and ranged from a low of 3.8 to a high of 21.9. Figure 2 shows the distribution of rates of CT/MRI and of spine surgery across geographic areas in the United States. Figure 3 shows the association between rates of advanced diagnostic imaging and spine surgery. Areas with higher imaging rates had higher surgery rates. The variation in imaging rates explained about 22% of the variation in spine surgery rates (R 2 ϭ 0.22; P Ͻ 0.001). Eliminating two outlier regions did not change these results. Limiting the spine surgery procedures to just lumbar spinal stenosis procedures yielded similar results. The variation in imaging rates explained about 14% of the variation in lumbar stenosis surgery rates (R 2 ϭ 0.14; P Ͻ 0.001).
The simulation revealed a small average correlation coefficient of 0.16 with a standard deviation of the simulated coefficients of 0.05. The probability that the observed correlation of 0.46 occurred by chance from this distribution was extremely low (P Ͻ 0.01) assuming a normal distribution and P Ͻ 0.03 with no distribution assumptions. Only a small part of the association between imaging and surgery rates was the result of "autocorrelation." Whereas imaging rates explained 22% of the total spine surgery rates, based on the simulation "autocorrelation" would explain only 2.6% of the variation in surgery rates.
Discussion
We found a moderate correlation between the use of advanced diagnostic imaging and the rates of spine surgery across geographic areas of the United States. These findings are consistent with prior work by Verrilli and Welch who found an extremely strong correlation between changes in the rates of CT/MRI of the spine and spine surgery among U.S. Medicare beneficiaries over time. 19 A correlation of imaging and spine surgery over time, however, could be the result of secular trends, a general increase in procedure rates over time. Geographic comparisons are much less prone to such general trends. Areas that have high rates of one procedure often demonstrate low rates of other procedures, a phenomenon sometimes referred to as the surgical signature. 21 Therefore, our findings of a geographic correlation adds considerable strength to a direct association between rates of spinal imaging and spine surgery.
The rates of imaging appear to represent a true increased propensity for diagnostic evaluation; areas with higher rates of CT scan also had higher rates of MRI rather than exhibiting a substitution effect of one type of imaging for the other. This finding is also consistent with prior work, which found that MRI was often obtained in addition to, as opposed to instead of, other imaging methods. 1 For patients with low back pain, a precise anatomic diagnosis is often impossible, which leads to various imprecise diagnoses. 10 Advanced diagnostic imaging is an important part of the workup for some spinal disorders, including infections, tumors, or disorders associated with leg pain and neurologic compromise such as herniated discs and spinal stenosis that may benefit from surgery. Unfortunately, these imaging tests are quite nonspecific. Herniated discs are frequently found in asymptomatic adults: studies have revealed herniated lumbar discs in 21-76% of asymptomatic individuals without any history of low back problems. 2, 5, 14, 17 The ability for advanced imaging to detect asymptomatic anatomic irregularities creates the potential for overestimation of prevalence of surgically amenable disease in the lumbar spine and a clinical cascade: increasing use of diagnostic imaging detects more abnormalities, which in turn begets increasing efforts to treat disease. 9, 19 This cascade may be particularly problematic in spine surgery because the key factor for a successful outcome is said to be proper patient selection, 12 and higher populationbased rates of elective spine surgery have been associated with inferior outcomes. 15 An alternative explanation for our findings is that the higher rates of surgery may be responsible for the higher imaging rates. Areas with higher rates of spine surgery will have more postsurgical patients. Although our simulation model showed that MRIs obtained as part of surgical planning played only a small role in the observed correlation, a greater tendency to perform MRIs in patients who had previously been operated on could account for the observed association. If this hypothesis were true, such downstream consequences would have important implications for anyone trying to understand the true costs of spine surgery.
Some readers may not find a moderate correlation with an R 2 of 0.22 very compelling. It is worth noting, however, that imaging rates alone explained more than twice as much of variation in spine surgery rates as com- binations of population characteristics and health care supply variables have explained in prior studies. 20 We expect that there are several other variables at work to explain as complex a phenomenon as the rate of spine surgery within a community. The net effect of these other variables is evident in the variability of the ratio of imaging rates to spine surgery rates. Understanding the causes of this variability represents fertile ground for future work. The administrative data used in this study do not contain detailed clinical information. As a result, it is impossible to assess the clinical appropriateness of the imaging or surgical decision-making or to determine the "right rate" for these procedures. The high variability, however, argues strongly that at least some of the rates are far from optimal. Without detailed clinical data, we are unable to directly assess the clinical validity of the CPT codes used. However, we used reimbursable procedure codes that are subject to Medicare audits rather than diagnosis codes; they therefore should accurately reflect the care given.
Many authors have warned of the hazards of obtaining advanced imaging tests in patients who do not meet strict clinical criteria.
2,4,9,10,14 Despite these warnings, there remains substantial variability in clinicians' thresholds for obtaining advanced spinal imaging. 7 In one study, only 25% of advanced spinal images met the authors' lax criteria for appropriateness. 3 Our current findings suggest that improved consensus on the use and interpretation of advanced spinal imaging could have an important effect on variation in spine surgery rates.
Key Points
• There is marked geographic variation in rates of spine surgery, and differences in patient populations and health care supply have explained only about 10% of this variation.
• Areas with higher rates of advanced spinal imaging (MRI and CT) had higher rates of spine surgery, with imaging rates accounting for 22% of the variability in spine surgery rates.
• MRIs obtained in the patients undergoing surgery accounted for only a small part of the correlation between MRI and spine surgery rates.
• Improved consensus on the use and interpretation of advanced spinal imaging studies could have an important effect on variation in spine surgery rates. 
